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711 ^£^1 ^<^l-2-^^, 7^, o] 71:^ >a-*^l ^V3llS ^1-^^ ^£^1#, 

«:^^#<^l^i ^* ^^V^l^l^ ;^l2^^f^^ ^wl^V^ P^ 5L^tbi=l-. 

[cllSS.] 

£ 2 
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^£^1 i^fol^c ^ ZL ^Hl^i^J-'^ {Semi conductor type light emitting diode and 

manufacturing method thereof} 

JE 6^ £ 2011 £Al^ ^aH]o11 n|-a 

-£ 7^ 2<H1 -£Al^ ^Al<:4lo11 4^ cfol^cofl oj^ hJ-a]-:^^^ ^ 

10 7]sS[ 20 n^ 

21 22 ^ll#2fl-^# 

30 %A^^ 40 

41 ^l2-i-2fl:E.# 42 
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50 51 

52 ^12^^# 60 

<15> ^ ^^^^ ^H^l ^ ;«l]2:«j-^ofl >a-^il^>7ll 

xjy v]^]^ x:^7]^ ^:]^l3. l-eflol<H (dvDP) ''^^]^^^ ^11*^1^^21 ^^oiq. ^]]o]b] 

^ 71^ ^ ^ti- ^^-^S-i^ ^Bl A>^SlJl tfl^ ^iil LCD^ «J? 

<17> s. 1^ #sfl2l aV:£^l cfol^^l- 7llef2jo.^ ^^S'^l'^f. 

<18> :£ 1^ ^S*>^, A>s|-olo^ 71:^(1)51 ^^6\] ^£^1#(2), ajJ^^^s)^ ^ 

^^f^(3), ^ p^ ^£.^lf'(4)ol ^wl^nf. 5^ 6^ ^£^1#(2)4 p 

^ ^£^1^^(4)011 ^4 ^7l^o.^ ^#^711 ^^^51^ ^^(n-contact)(5)^ p^ ^ 
^(p-contact)(6)olcf . 

<19> %^J#(3)<^lAi ^AJ^ ^(Ll)^ ^i£.^l#(2), 71:^(1)^ 7]^ i^JfS. 
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l-^^f^(3)<HlAi ^A^^a % ^oflAi ^£^1^(2)32)- 7l:^(l)S^ 

l-S-^-Ei Tll^S)^ <y^|z]-^Cf e ^(L2)^ ^£^1#(2)^ 7l^(l)4-Sl ^Tfl^o^jA^ 

^U>£|<H, ^^(6)4 71^(1) ^}o]6\]X] aVAVl- 7ll-*>ia>^^ ^*V<:«^ 

«V:£^fl i:fol^coj :^ Jl#( light extraction efficiency)^ ^ 

^>-§-^ ^A7> ^4. ^^(6)^ ^M.^ p^ ^S.^l#(4)2)- oj:^^ 
^^(ohmic) :5jol ^^^cf. 

^^=7-^<^l iflS^^^ ^^o.s^ ^(Ag)^ * -^ ^cf. *>;^m, ^(Ag)^ p^ 

^cf. p^ ^^(6)-OS.Ai ^(Ag)^ A].^^ ^£^1 t^-o] 

^:e.1- ^^^]7] ^sfl^i A^€4-. ^^J:, ^(Ag)^ p^ ^ n^ «]- 

o]-^ ^7l]^^^^ 6,486, 499^(01^1-, ^^^^<^le} tb^-)* p^ ^^^S. 

"^ll- 1-^ €-(Ag)^ >^>-g-*>^>H 7ll^«>7l 

cfoi^co^ aL7l7}- 7l;?^Ai ?floi3] ^^'^ ^ aVi^l ^fl^^l^i 
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<24> .^V^t!: ^^^s:l-7l ^t!: ^ ^"^^ ^^^] cfo]^^^, 71^21-, ol 7]% 

^^]^, p^ ^Ms. ^^1; ^ (b) ^7] p^ 

p^ ^£^1^4 ^7]^o_s. ^#£1^ p^ ^^^*>^ J£^*H, >a-7l 

(b)^7ll^, ^7) oVS^lf^ ^<^1 ^11^^^ ^12^^^ ^HlS ^#^>^ P^ ^ 

♦ 'a:db7}- «.^7loflA^ 80 ifl^l 350t: ^7] ^ 

<26> .^^tb t+ol-S.^ ^ ;^lS«j-^<Hi oj^o]A\, ^7] 

(Pd), «-^^(Pt), ITOClnduim Tin Oxide) ^^fl^H c^i^ sj-u}-^ #^^5. ^^i^. ^ 

9X^^. ^7\ 7i]2^^f^^ ^(Ag). "yr^ol^CAD #<HlAi ^^-2.^ 
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<27> >a-7l ^ll#^#sl ^^]^ 1 ^Ji\^] lOnm ^^91 ^<^1 B>^^*>H. ^7] >ti]2^^#fi1 

<28> ^1-71 ^S^lf^. ^ GaN m-V ^ ^^l-^^l sj- 

^<^1 «l-^^a^>'^. ^7] ^^^^f'^ InxAlyGai-x-yN(0^x:^l, 0<y^l ZL^JL x+y< 

1) £^5)^1 lr^#^ «>#3]^>i=f. 

<29> o]s:> ^-f-t!: ^S^>TgAi ^ ^iigo^ wV^^ltb ^^1<^1» ^^^] ^^*>7]S- 

<30> S. 2^ ^ ^^<^1 oVt^l <a ^^l-^l^ iEAjtb ^^i£<^]cf. 

£ 21- M.^. 7l^(10)S^ ^:^d\] ^^>^ ^£^1^^(20). €^^^-(30) ^ 
^lf'(40)<^l ^f^^cf. 

<3i> 71:^(10)^ JL7:\^^^^ 71:^^5- A>s|.ol<:>:| jl^&o] ^s. ^]-%-S\JL, Si. SiC, GaN 7]^ 

<32> ^:£^fl#(20)^ 71:^(10) ^^^S.^^ p^MS. ^# ^^^Sl^ B]5J]#(21), ;*lll 

#hBj^#(22)* p^ ^£^1^(40)^ *^^#(30)2l >^igo.s«-Bl ^>^ls. 

^^^51^ ^I2#2fl^#(41), ^ ^^#(42)^ i^tVcf. 
<33> tt1^#(21)^ GaNT^II^'l III-V^ ^^l-Tfl ^Vs^ls. <^1^^^ 

91 £^H(Undoped) #^^-2.^^^, n-GaN#^ ^o] wl-^3)€r>cf. 
<34> ^^^(42)^ GaN;Nl1^ III-V^ €^#^1 ^VS^If^ ^.^.a^ , S.^^^ 1-^ 

^}%^^JL, n f^ofl^iS p-GaN#ol a>^3)€r>cf 
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3) #(21)4 ^}^7}^]S. GaNf^. ^^T^l-5-(Al)om- <?lf-(In)^ ±^S] w]^^ ^ 
-H-*}-^ AlGaNf^ £^ InGaN#<a ^ 
<35> ;«fll#2fl^#(22)^ n-AlGaN/GaN#^ ^I2#e11 = f^(41)^ S.^ 1- 

^o] ^l^*>:a^ ^li#2fl^#(22)4 -^^t!- 1-^#<^14. 

<36> #>^^f^(3o)^ ^^v-^^^ ^m^"^] ^ i-^f--^. 

^^i. cff^ -flr(MQW: Multi Quantum Well) GaNTjj^S^ HJ-V^ 

^1 ^S.^lf^<>l w>^^*>i^, :3. ^oflA^s. InxAlyGal-x-yN(0 <x <1, 0 <y <1 

ZL^\Jl x+y <l)f''a ^<^1 1=1^ w>^zi^].cf. c>]9]d\] ^^^%^i30)-B: GaN^^ll^l III-V^ ^ 
s^^n Sl-^l- tiVi^l^ofl <?lf-(In)^ wl-i:^ ^-B-*]-^ <^]» 1-^ InGaN 

<37> £1^011^ £>^1^^1 ^^^1^. %^df^(30)si >a-*Hlfe ;^llS.sl-S-# ^ ^]2I^^S.%- 

*^^#(30)ofl^i #^A]^o.^>y^ -.7>^ ^7<}-£» 7>^1^ 

^^S- ^^A]^ ^ ojcl-. ^ ;Hl2£3l-^#^ #^^#(30):acf #^#01 ^j7, z^-z]- 
>fll#2fl^#(22) ^ ^l2#Efl = #(31):S.t:|-fe ^ ^^^^V^c-fl, 

GaN 7fl<g2l m-V^ aV^^l^-^S. ^>^^*>^ ^o] HV^^BTl-cf. >fll£5l-^#^ 

n-GaNf^-^S, ^]2^s^S.%-^ p-GaN#^^ ^^^tl-i^. 

<38> €^(50)5il- ^^(60)^ 2]-z]- oV£^lf^(40)3)- ^^^]^(20)^ ^7] 

<39> A^^^v wj-sq- ^A^oil ^^(60)^ -f-^flAi ti>S^l#(20)-^Sfe ^ 

^f* ^*a*>:il ^^(50)^ ^sfl^i p^ «]:£^]f^(40)^S.^ ^j^^ ^-i^tl-cf. ^^J^ 
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%'^^f'(30)<^lAi nVul- dl^^V^Al Ct-sj.^ cfl^oj ^^Al^cf. 51-^ 

%^Jf^(30)ofl>^i ^£^1#(20). 71:^(10)^ 7]^ ^^S. 

*^^f^(30)<^l^i ^ «j.^2^-H7> ^S^l#(20)3)- 71^(10)^ #^1-5. 

-^E^ 7]l4^^ <a7l1z^-lit:1- €• ti]:£^lf^(20):2l- 71^(10)4^ ^Tfl^oil^^ HVAj-sl 

^^(50)5i|- 71:^(10) AVo]o]lA^ a}-A>* 7ll-e>iS>^i ^^}^ 

^ ^Ajofl ni)-^ ^^(50)^ ti>£^lf'(40)3l-2l ^^;^^*J-ol 
^lf^(40)3|- ^ni ol^.^ ;^11^^2j. ^-^^ #(30)011 ^^S^ ^7]* 

^-g-^H ^ ^ 9X^^ n ^^o] o^t^, 

^11- P^ ^-^(50)^ p^ ^:£^1#(20)3)- o^s.^ ^Bi o]^^ ^11^^ 

#(51)4 ^^VAj-^o] fe^ ;^12^##(52)^ 

;*lll ^ >112#^#(51)(52)^ ^^#(42) ^oil >^ll#^4 >112^## ^V^lS 

S.>H ^^^^trf. ^U^^#(51)^ ^^#(42)4 ^^S]^ ^-^SAi. ^£^1 cfo] 

;^-l*J-ol ^ol3£ ;*ll2^^ii:l-^ ^^^^ ^^^^1^ ^<^1 w>^^*>cl-. »12^^#(52) 

^ *^^#(30)<^1>H %^ ^V^H^l^ ^-^SAi, ^al-Al-^o] ^o^s ^U^^^cf^ 

^^^S. ^^^sl^ ^o] til-^3is>cl-. ;sfll^^^ €2l-#(Pd), ITO(induim tin 
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oxide), «-^^(Pt) ^ o]^ ^^91 ^<^1 wl-#^*>T:f. ^12^^^ ^(Ag). "y:^ol-^(Ai) # 

<44> o]^ ^o], >fli ^ ;^ii2^^^(5i)(52)^ ^^^^ ^ofl^ ^^7> ^^7l<^lAi ^ 

^S1*H ^ ^I2^^f^(51)(52)^ 7^o] wV^^J^Vnl-. ^^e1 s)-^* 7]^] 

^. ^ll^^f^(51)^ ^^f^(42)2f <y=:£Br>7ll SL^A ;Hl2^^f^(52)^ <?]:^^^ Jl 

-§-^171- ^t^. 

<45> £ 3^ ^ ^Al<m«^l n^-^ rifol^^o^ ^^^e:) o. zi2flH<^l 

cf. ^ ^2flH^ ^^(50)^ ^ll^^#(51)-2.S.Ai^ :g-5^=(Pd), 7fl2^^^(52)^S 

^(Ag)# Al-^t}: . ^^^e] ^S.9\- tiV^^l ^v:^ cfoj^co^ ■S-^^'a-sfs] 
# HAlt!- <^^^ ^1^^ 1^, ^^^^^ 20mA, 5)-^^ 392ninolr:l-. 

<46> s. 3# ^J£.7> ^ 200t: ^S.-^ ^-t-<^1 ^^^'a-ol ^ 3.2V 

7>^J- Vl-^. <^7.]^ ^£7> #7>^oii icfe^. ^g-^l-^oj-o] ^7}^}<^ ^^e^ ^S7> ^ 280 °C 

^3^S. 1- nfl ^ ^^1<^1^ ^3E^ 80 tfl;^] 350t: ^S.^ ^^1 H>^3]^>x:f. o]^ 

ol = 7l ^Als>^ -f-^^<y ^£7> 400r ^1^^ 

<47> ;^li^^^(5i)o^ -^1^ >fll^^ol ^>^lo^ ^A^^ o.^]^ ^ OJ^ 

ol^^ ^<5l A^slo^, 1 ifl^l lOnm ^o] H>^3]*>i4. ;^l2^##(52)2l 

^o] ^12^^#(52)^ ^4*>^1 ^* ^^I'a A^S]!^, 50nni o]^o] ^o] 

22-11 



1020030025084 ^^ ^^1-: 2003/5/14 

<48> £ 4^ ^ ^Ajoflol] 4^ ^^(50)<^1 ^^^i^J-* iisfl = olii|-. 

PdaOOnm^ Ag-lOOnm^ f^efl^ ^^--^^^i ^e}#(Pd)^ lOOnmS. ^-f 
(Pd:l00nin)5s)- ^(Ag)# lOOnmS ^-f (Ag: lOOnm)^ K>^]^ 

cf. Pd/Au. Pd/Al, Pd/Ag^. ^5l-#(Pd)* 5nm ^^1^ ^^H^^f'CBDs)-, ^(Ag). 

•^^"l^CAD, ^(Au)^ lOOnm ^^S. ;^l2^^f^(52)* ^h1^>^ ^ ^Aloflofl tcj- 

€- ^^(50)1-^ K^]^ ^'=>]^. 

<49> £ 5^ ^ 4^ p^ ^^(50)<>11 Il2flH<^lcf. 

Ag:ref^ lOOnm ^^]^ ^(Ag) ^^#.2.5. ^l^o]^ ^eflo^ ^q-o. ^olcf. 
Pd/Al, Pd/Ag, Pd/Au^ ^e1-#(Pd)* 5nm -^^^1^ ^f^^V^ =l z^-z| <y:^pl^(Al), 
^(Ag), #(Au)* lOOnm -¥-^1^ ^ nj-s. p^ ^^(50)#^ S.^^ 

cf. ^ neflH^ Ag:refS. S.^]^ ^Hfl^ p^ ^^^>#^ IS ^JL, ^ ^Al<^lofl 

p^ ^^(50)1-2] ^rfl^tl ^^'^V*^ S^ltl- ^<^m-. ^e}]H.<^lAi 
S.^]^ ^^}^ '^%^^<^] 400nm<y ^-fs^ ^S-^^-?! ^^^>#^ K^]^ ^A<^]^. 

<50> . £ 42]- £ 51- ^(Ag)2l ^-f<^l^ ^^^1-^^ 7}^ ^^cll p^ tiVJS^l 

#(40)4^ 7]-^ p^ ^-£^l#(40)52l- *a=^tb -2.^ <^1^^1 ^tt 

1^. Stb, ^5]-#(Pd)^ p^ «}:S^1^(40)4^ 7>^J- ^c>A-l p^ aVS^lf^ 

(40)31- <a=^t!r ti}-^ ^«]-A>#^ ^(Ag)5^ 43%«^1 ^^^}c^ 

Jl## ^i^H^l^ ^1=1-. tt).5l-Ai, p^ ^^(50)^ 

^ *>^'?V* ^>-§-^m -2-^ ^^^4 ^^^>^^ -^^1<^1 
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<5i> ^>^1^, ^ ^Al<^lofl ^^(50)^ «}:£^l#(40)3l- ^^s.^ 

o]^^ ^ll-^^o.^ ^^^^ /Hll-#^f^(51)4 ^«]:^>^^ ^]2^^o_s. ^^^^ 

^12^##(52)* ^wl^-0^>H <a=^t!- ^^^^3). :^ti}.A}.^^ :g:Alofl ^ o;^ 

i=f. £ 4sq- £. 5» .a^, ^^(50)-^^>»>i Pd/Au, Pd/Al . Pd/Ag ^>-g-^>^ ^ 

-^-o] ^5|-l-(Pd)^^ ^V-g-^m ^-f^ 7^2] ^(Ag) 

^''V-g-^V^ cfl^ 7fl^^ ^ 9X^. ^, p% ^^(50)^S.^^ Pd/Ag, 

Pd/Al ><«>-g-*>^ ^^>^l-i:<il ^(Ag)^^ >^>-§-*l-^ ^-f ^ 72%. 82%<H1 

cf'?]-. Pd/Au ^-f^ ^^A]-^^ €el-f-(Pd)'?>^ ^>-§-s:}^ ^-^-ofl tilsfl 

^ 300-500nm «^^<HMi^ ^Jl sOOnm ^nf. 

<53> ^ zisflife ^el-l-(Pd)^ lOOnm ^^^1^ ^f^tl: p^ ^>-§-^>^ 
(Pd:l00nm)s1- ^el-#(Pd)4 ^(Ag)# z]-^ 5nm, lOOnm ^v\]S. ^ 
P^ €-^(50)^ ^>-§-^>^ ^4-(Pd/Ag:5/100nm)«^l ^^<Hl ^#^3)- 

# a^ltl: ^^71^^ ^-£^1 cVol^^S-^Ei #A>^ %^^^S. 

^#*H M^i^ %^ ^^SJrASAi SA]^ ^ol4. trl-e^-A^, ^ ZlEfl^ofl>Hs1 ^# 

<54> £ 6* -i-^^^^ 7]B\ ^^}t}c^. Pd/Ag 2^^^ ^-f<^l£ ^Bl-^(Pd)'L^^ 

>«>l-8-*>^ Tisl ^A>t}- ^^^-I^J-^ 7]-^^ ^oi^ ^ o;icf. cfA] ^^1-1^, ^(Ag) 
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6.486,499:^)«^l^iSl- ^o] ^-^ji). ^:£^i^ji).o^ ^o]7] p^ ^ 

^>:£^lf^5i).o^ 3.7]] ^ ^^7} ^r^. 

<55> sg.^:^^^^ qt 20mA'a , Pd/Ag S"^^ ^-f l:5l-#(Pd)'?>^ 

<56> £ 7^ ^ -a^l'^l'Hl 4€- ^£^1 ^tl- «J-^>^^(radiant flux)* 

^^t!" li2flH^14. ^ neflH^ 392nm<y ^-?-<^l ^^^^ ^A<=>] 

<57> IE 7* ii^, ^e1-#(Pd)4 €-(Ag)* z^-z^- 5nm, lOOnm ^^(50) 

* ^V-S-^Vfe ^^(Pd/Ag:5/100nm)<Hl ^sj-f-CPd)* lOOnm -^^^1^ p^ 

* ^>-§-5->^ ^-?-(Pd:l00nm):e.4 wj.a>:^^o1 ot 12% ^7]-^ ^ 5^^!-. 

[^^^ Ml 
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21 

^7] ^]2^^^^ %^^}%^] ^7] m^^^'^^ ^^1-^^ ^i^i 

[^^*ch 31 

^7] ^el-f-(Pd), «^-^(Pt). ITOCInduim Tin Oxide) #<^l^i <>i 
41 

^7l ;Hll^^f^Sl ^711^ 1 xfl;^l lOnm <?1 ^^^-^^ cfo]^ 
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[^^^ 5] 

^12%H1 9X^M. 

61 

;«fl2^^#^ ^Tfl^ 50nmol^>^ ^-g- o.^ ^].^ x^j.^^] ^v:^ cfoj^c 

7] 

[^^^J- 8] 

■^M ^i^^lf^, ^ ^S^lf^^ GaN ^ll^^ m-V ^ ^^-^^ ^ 

[^^^J- 91 

^^71 InxAlyGai-x-yN(0<x<l, 0<y^l ri^JL x+y<l) 7^1<is] 1:^ 

22-16 



1020030025084 #^ 2003/5/14 

10] 

(b) ^7] ^Hl ^>7l p^ «]:IE^1#2|. ^7l^^S. ^#£lfe p^ 

* ^^^*>^ ^/^l;* 5L^*>n^, 

p^ ^<^1 ;^ll^^2)- ;H12^^^ ^V^lS. ^#*V'^, p^ 

[^^IJ- 111 

^110*J-<^1 9X<=>]^^. 

^±7} ^^7loilA^ 80 vfl^l 350t: ^ <i^elB:Vc^ ^7] ^11 ^ ;^12^# 

12] 

^110*J-<^1 ^<^A-1, 

^7] ^ll^#^ >^7l p^ ^#^-1*J-ol ^7] ^]2^^^T^ ^7] 

^12^^^ ^^^>^ol ^7] ^ll^^^cf ^^^S. t}^ cfo]^ 
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i^^^^ 131 

^7] ;^ll^^^ ^2l-i-(Pd), «-^^(Pt). ITOdnduim Tin Oxide) f-'Hl^i >«d^€ 
14] 

^7] ^]1^^#^ -^^1^ 1 lOnm <il ^^^] c}<^l^ 

[^^^ 15] 

;^112*J-ofl Sl^^i. 

>^>7l ^12^^^ ^(Ag). <^^^ol^(Al) ^ollA^ ^VH-^ ^^^^ 

[:^^^ 16] 

^115%<H1 ^olH. 

I^^«ch 17] 
^110*cF<Hl 

^>7l ^ ^3^^1f^^ GaN m-V ^ ^S)-l-7ll s^- 
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181 

^y] InxAlyGai-x-yN(0:^x^l, 0<y^l n^JL x+y<l) :^]^^ 1-^ 
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Pd/Ag temperature dependency 



100 150 200 250 
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Ag: 100nm I 










p^= 1.5E-2 I 


r Pd:100nm P<yAu 

5/100nm 


Pd/AI 
5/100nm 


Pd/Ag 
5/100nm 


r 




( 


1 


1 










^ Pg=1.5~3E-4 



Pd/AI: 82% 
fVA.^-"-'^--- 



0.2 - 



Ag: ref. 




Pd/Au: 43% 



Thickness; 
bi-layer 5/100nm 
single layer: 100nm 



The dates at 400nm wavelength were pointed out. 
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500 600 
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is. 61 
1000 



800 



i.600 



30 



400 



200 



7] 



Pd: 100nm 
Pd/Ag: 50/1 OOnm 




28% improved in output power (@20mA) 



A change of voltage is in enor-deviation. 



2 kT 

mo 



a#(mA) 




Pd/Ag 
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